Introduction: Studies on the development and validation of semi-quantitative food frequency questionnaires (SQ-FFQ) for assessing omega-3 (Ω-3) long-chain polyunsaturated fatty acids (LC-PUFAs) intake by pregnant women are few. This study aimed to determine the validity of a newly developed SQ-FFQ for assessing the LC-PUFA intake among Indonesian urban pregnant women. Methods: A crosssectional study was carried out in 2015 on 100 Indonesian pregnant women who were in their late 3 rd trimester, living in the urban setting of Jakarta. As a test tool, the SQ-FFQ was administered before the trained nutritionists executed the reference tool of non-consecutive two-day 24-hour dietary recalls (2DRs). The nutrients of interest were a total of Ω-3, eicosapentanoic acid (EPA), docosahexaenoic acid (DHA), alpha-linolenic acid (ALA), total Ω-6, linoleic acid (LA), arachidonic acid (AA), and LC-PUFAs. Statistical correlation, cross-classification and the Bland-Altman plot analysis were done to determine the agreement between tools. Results: Energy-adjusted correlation coefficients between SQ-FFQ and 2DRs were 0. 385, 0.349, 0.352, 0.380, 0.338, 0.408, 0.409, 0.331, 0.341 and 0.341 for fat, total Ω-3, ALA, EPA, DHA, total Ω-6, LA, AA and LC-PUFAs, respectively and were statistically significant (p<0.05). Misclassification of these nutrients from SQ-FFQ and 2DRs was <6%. The Bland-Altman plots showed most of the points fell within the 95% limits of acceptable agreement for DHA, EPA, and LA. Conclusion: The newly developed SQ-FFQ of this study is a valid instrument for assessing of Ω-3 LC-PUFAs intake among Indonesian pregnant women living in urban area. Its further validation with relevant biomarkers is recommended.
INTRODUCTION

Omega-3
(Ω-3) long chain polyunsaturated fatty acids (LC-PUFAs) such as docosahexaenoic acid (DHA), eicosapentaenoic acid (EPA) and alphalinolenic acid (ALA), are important modifiable dietary factors associated with birth outcome (Koletzko et al., 2014; Muthayya et al., 2009 ). However, the dietary reference intakes (RDI) for these Ω-3 LC-PUFAs have not been reported in either developed (Colón-Ramos et al., 2015) or developing countries (Koletzko et al., 2014) . Systematic reviews on the association between Ω-3 LC-PUFAs intake and birth outcome in developing countries are limited and there have been reports only from Indonesia, India and Bangladesh (Angkasa et al., 2017; Koletzko et al., 2014) .
The Indonesian Central Bureau of Statistics has reported that the consumption of fish by the Indonesian people was low (Central Bureau of Statistic, 2014) . Based on household survey statistics of the Food and Agriculture Organization (FAO), fish consumption of the Indonesian people when compared to that of eight countries in Southeast Asia region was lower than those in Lao, Myanmar, Thailand, Philippines, and Cambodia and lower than the average global consumption of fish (FAO, 2016) . As fish and fish products are the main source of Ω-3 LC-PUFAs (Freeman et al., 2006) , most pregnant women in Indonesia were unlikely to have adequate intakes of DHA and EPA. This situation exists especially in women from the low-medium socioeconomic background, living in urban areas with limited access to fish that are rich in essential fatty acids. Such women have a poor knowledge of the benefits and sources of essential fatty acids and are unable to afford the relatively expensive fish that are high in Ω-3 LC-PUFAs. Therefore, the monitoring of regular maternal diet is required to assess the adequacy of Ω-3 LC-PUFAs intake, especially DHA and EPA during pregnancy. Tools for assessing dietary Ω-3 LC-PUFAs have been developed and validated for Indonesian children (Ansari et al., 2016) . Such validated tools for pregnant women are few, and are mainly available for women who are living in developed countries with a high consumption of fish such as Japan (Kobayashi et al., 2017) .
The semi-quantitative food frequency questionnaire (SQ-FFQ) is a method to assess usual intake and is widely used to study the relationship between maternal diet and birth outcome in developing and developed countries (Muthayya et al., 2009; Willett, 2012; Zhang et al., 2015) . This tool is relatively convenient, inexpensive, and requires less time for data collection than other dietary assessment methods. SQ-FFQ is able to show the long-term dietary intake patterns. It is also a valid and reliable tool for detecting the changes in dietary intake during each trimester of pregnancy. Validation studies of SQ-FFQ have shown that nutrient estimates using this method agree closely with intake estimates using the 24-hour dietary recall method, particularly among pregnant women with low literacy levels or motivation (Brunst et al., 2016; Gibson, 2005) .
In this study, we developed and validated a SQ-FFQ for assessing dietary Ω-3 LC-PUFAs intake in Indonesian pregnant women living in the urban areas of Jakarta.
MATERIALS AND METHODS
Study design
This cross-sectional study was carried out between February and May 2015. It was part of the East Jakarta Cohort Study on "The Role of Nutrition, Maternal Factors, and Health Service in Microbiota Composition and Birth Weight in Jakarta" that was initiated by Department of Nutrition, Faculty of Medicine, Universitas Indonesia (Angkasa et al., 2017) .
Participants and recruitment
A total of 100 women were randomly selected from 315 pregnant women recruited at the third trimester. They fulfilled the inclusion criteria in being apparently healthy, pregnant women aged 19-40 years, at the gestational age of >32 weeks, who were registered for antenatal care in ten sub-district public health centres (PHCs) and one referral hospital in East Jakarta. The under-and over-reporting of energy intakes of the women were excluded from this study. Under-reporting was determined by Goldberg method (Goldberg et al., 1991) , in which basal metabolism rate (BMR) of each pregnant women was calculated by Schofield equation for women of their age (Schofield, 1984) . The cut-off value for over-reporting of energy was set as >4700 kcal (Ambrosini et al., 2011) . Written informed consent was obtained from all respondents. The sample size of 100 was determined following a minimum sample size required for Bland-Altman analysis (Bland & Altman, 1999) and also in accordance to another validation study of pregnant women in developing countries (Muthayya et al., 2009 ).
Data collection
Data on age, schooling, socioeconomic status and obstetric history were collected using a structured questionnaire based on the categories determined by the National Basic Health Survey (National Institute of Health Research and Development, 2013) . The anthropometric status of the pregnant mothers was measured using calibrated tools namely the SECA® tape (SECA 201, UK) for middle upper-arm circumference (MUAC) measurement, the Shorr board® height measurement for mothers' height and the Tanita® calibrated weighing scale for mothers' weight. All measurements were conducted twice and the means of the measurements were inputted for further statistical analysis.
Before performing the validity test, the initial SQ-FFQ was developed by collecting potential food lists that contained high LC-PUFA from the Indonesian food composition database, and some previous studies among pregnant and urban women (Madanijah et al., 2016) . The draft was pre-tested among ten pregnant women in the same study area, but who were not included as participants. Using this prototype SQ-FFQ, participants were asked to report the foods they had consumed during the previous month. In addition, a single 24-hour food recall was administered to another twenty pregnant women in the same area for the completion of the food lists. Information on the common Ω-3 food sources and accessed foodmarket were emphasized during pretesting phase. Commonly accessed food-markets were visited and some relevant foods were weighted for the food portion size. The prototype SQ-FFQ was subsequently revised based on the results of pretesting and market survey to its final form. Five trained nutritionists used the final questionnaire, which sought information of food items that were appropriate to describe the sources of fatty acids and adequate to assess the fatty acids content in individual, mixed or processed foods. The description of the portion sizes format of the SQ-FFQ were categorized as small, medium and large. The consumption frequency consisted of seven possible categories ranging from never or once a month to >1 a day. The final questionnaire included 53 items, and was grouped into seven food categories, as follows: staple food, animal protein rich-food, plant protein rich-food, dairy product, certain fruits, ready-to-eat product (e.g. ice cream), and supplements.
The two-day, non-consecutive, 24-hour diet recalls (2DRs) method was chosen as a reference, as was also used by another study (Loy et al., 2011) . This 2DRs were administered twice representing one day in weekend and one day in weekday. Both SQ-FFQ and 2DRs were administered by trained nutritionists (Gibson, 2005) . Conversion of household measures into grams of food consumed was carried out with the aid of an Indonesian food photograph from national total diet study (National Institute of Health Research and Development, 2014), which contained data on recipes and household measures. In cases where the food was not available in this manual, the research team conducted a market survey, bought and weighed the same portions of the foods. Conversion of processed foods from wet to dry or the reverse was calculated following the national guidelines on raw-cook food conversion (National Institute of Health Research and Development, 2014) .
The nutrients of interest in the present study were the total Ω-3 LC-PUFA, EPA, DHA, ALA, total Ω-6, LA and AA. The estimation of nutrient composition of the FFQ was analysed using the Nutrisurvey software version 2007 (Erhardt, 2014) . Until this study was done, an Indonesian Food Composition Table (FCT) for Ω-3 FAs content was not available. Therefore, the current study used FCTs from other countries. Calculation of Indonesian Ω-3 FAs food was estimated by using values from different but similar food items from several ASEAN countries (Berger et al., 2013) . In order of priority, we used FCTs from the Association of Southeast Asian Nations (ASEAN) countries (Puwastien et al., 2000) such as Vietnam and Malaysia and the United States Department of Agriculture (USDA) (Schakel, Buzzard & Gebhardt, 1997) .
Data analyses
The general characteristics of the participants are presented as frequency and percentage for categorical variables. Continuous variables with normal distribution, were tested by Kolmogorov-Smirnov, and expressed as mean and standard deviation (SD), and those with violated distribution are presented as median and interquartile range. For validation testing, Pearson's correlation and paired t-test were used for normally distributed data. The Spearman and Wilcoxon signed rank test was used for non-normally distributed data. Crossclassification was presented as correctly classified, correctly and adjacent classified, and extremely misclassified quintile. All nutrient intakes were log transformed (x+1). Energy-adjusted nutrient intakes were calculated as the residuals from the regression of nutrient intake as the dependent variable while energy was the independent variables (Willett, 2012) . The Bland-Altman scatter plot was also produced from the mean (bias) of SQ-FFQ and 2DRs against difference of SQ-FFQ and 2DRs. The Limits of Agreement (LoA) was calculated by mean+1.96 SD for upper LoA and mean-1.96 SD for lower LoA (Bland & Altman, 1999) . Antilog of the mean bias and LoA were multiplied by 100, in which value close to one or 100% represented perfect agreement. The regression coefficient was also produced to estimate under or overestimate of average intake between two methods. All significant values were set at p<0.05. All statistical tests were calculated using the SPSS version 21.0 for Windows software. The Bland-Altman scatter plot or graph was drawn by Prism 6 for Windows version 6.05 software.
Ethical approval
The study was approved by the ethical committee of the Faculty of Medicine of Universitas Indonesia and the Dr. Cipto Mangunkusumo General Hospital, Jakarta, Indonesia under the serial number 859/UN2.F1/ETIK/2014. The local authority of East Jakarta District, District Health office of East Jakarta, and sub-districts Public Health Center also gave their approval for the study. Table  1 presents the baseline characteristics of the pregnant women. Their median age was 28 years. More than half of the mothers had at least 12 years of formal education and most of them were housewives with a median household income of 2.6 million rupiahs (~196 US Dollars) per month. More than half of pregnant women were exposed to smoking in their daily lives. More than a third of women (39%) were nulliparous. Only small number of pregnant mothers had a history of premature births (n=7), abortions (n=8) and low birth weight infants (n=11). At recruitment, the mean gestational age of the pregnant mothers was 35.5 weeks. Mean MUAC and body height; and median body weight of pregnant women were 27.2 cm, 153.4 cm, and 61.6 kg, respectively. Table 2 shows the mean daily intakes of Ω-3 fatty acids as assessed by the SQ-FFQ and 2DRs. Except for energy, fat, total Ω-6 and LA, the mean intake of the measured nutrients as estimated by 1 item 0.00 0.00 0.00 0.00 0.00 0.02 0.21 0.00 SQ-FFQ were significantly higher (4.44, 4.38, 0.01, 0.05, 0.07 and 1.31 g/d for total Ω-3, ALA, EPA, DHA, AA and LC-PUFA, respectively) than the mean intake estimated by 2DRs. Table 2 also presents the unadjusted Spearman correlation coefficients between both methods ranging from 0.118 for total Ω-6 and LA to 0.386 for energy intake. The Spearman correlation coefficients increased after energy adjustment for all nutrients. The most obvious changes compared with the unadjusted values occurred in the total Ω-6 (from 0.118 to 0.408) and LA (from 0.118 to 0.409). Overall, the average correlation coefficient of all nutrients was r=0.25 and after energy adjustment, the average of correlation coefficients improved for 0.12 points (r=0.37). All the energy-adjusted coefficients for fat and fatty acids were statistically significant (p<0.05) between two methods. A high proportion of the pregnant women (>79 %) were categorised into the same or adjacent quintiles by the SQ-FFQ vs quintiles of 2DRs for energy and all fatty acids intakes. On the average, about 4.3% of pregnant women were in extreme misclassifications. Bland Altman plots showed acceptable agreement between the SQ-FFQ and 2DRs for DHA, EPA and AA, as indicated in Table 3 . The values of the antilog mean for DHA (1.05 or 105%), EPA (1.01 or 101%) and AA (1.07 or 107%) were close to one (or 100%) and the values of LoA were narrow (DHA 80-137%; EPA 74-140%; AA 86%; 133%) which indicated good agreement between both methods. Table 4 shows the food groups, food items, standard portion sizes and content of LC-PUFA. Plant proteinsources from legumes family contained the highest amount of LA and ALA in the new developed SQ-FFQ and were also the most frequent consumed food source for both LA and ALA intake among pregnant women. Soy and its products such as tofu and tempeh contained almost 10 g ALA/100g while peanut and its products contained about 0.15 g per gram of peanuts. The highest amount of EPA was in chicken egg (11 g/100g) and fish (0.64 g/100g) while chicken intestine satay (1.02 g/100g) and chicken liver (0.61 g/100 g) contained the highest amount of ARA. Except from the supplement (0.97 g/1 capsule), a high amount of DHA intake was derived from catfish (0.21 g/100g), mackerel tuna (0.15 g/100g) and yellow egg (0.12 g/100 g). Figure 1 shows the Bland-Altman plots for fat, total Ω-3, DHA, and EPA intakes. Most of the points fell within the 95% limits of agreement (LoA) for total Ω-3, DHA, EPA, and ALA intakes. Except from total fat, Ω-6 and LA, the SQ-FFQ overestimated all fatty acids intake from 2DRs.
RESULTS
DISCUSSION
The current study presents a newly developed SQ-FFQ, with 53 food items, that we believe is valid for estimating dietary DHA, EPA and AA intake among Indonesian pregnant women in the third trimester. The Bland-Altman plots imply acceptable agreement between the SQ-FFQ and reference method (two-repeated 24-h recalls) for these nutrients as the mean values of the antilog for these nutrients were close to one (or 100%) and the values of LoA were narrow. The analyses of correlation coefficient and a cross-classification also indicated a good relative validity of the SQ-FFQ in assessing intake of fat and fatty acids. Agreement based on the comparison test was found for the total Ω-6 and LA.
In a validation study, several tests including Cohen's kappa coefficient (κ) might be used to find agreement between methods. However, not all tests were appropriate for use in this study. We prioritised the results of the Bland-Altman test for generating the conclusions of this study because this approach was appropriate for quantitative variables (Zhang et al., 2015) as shown by some other studies (Kobayashi et al., 2017; Zhang et al., 2015) . In the Bland-Altman Test, the agreement of both methods was met when antilog of mean (bias) was close to one and the interval of LoA was narrow. We assumed that the antilog of mean (bias) for DHA, EPA and AA were sufficiently close to one and the SD of those nutrients were intuitively narrow. The study of Ansari et al. (2016) reported almost similar antilog means and SD of DHA between SQ-FFQ and three-day, 24-hour food recalls as in the Indonesian children's study. Therefore, the Bland Altman test could support the use of the SQ-FFQ as a valid instrument for assessing LC-PUFA Ω-3 a in larger study. A comparison of both methods, indicated that there was a tendency for SQ-FFQ to overestimate the dietary recalls as reported by Ansari et al. (2016) . On the contrary, other tests, such as the t-test and correlation coefficient were not appropriate to show agreement. The t-test informed us very little about the accuracy of the methods (Bland & Altman, 1999) while the correlation test evaluated only the linear association of two sets of observations (Bland & Altman, 1999; Zhang et al., 2015) . These approaches were inadequate and could be very misleading when assessing agreement.
The correlation coefficients of most validation studies that compared the two dietary methods ranged between 0.30 and 0.49 (Streppel et al., 2013; Zhang et al., 2015) . However, in most of the studies, energy-adjustment or deattenuation increased the correlation of the methods assessed (Barbieri et al., 2013; Bizjak, Jenko-Pražnikar & Seljak, 2014; Streppel et al., 2013) . The observed correlation coefficients (r) between SQ-FFQ and 2DRs were 0.38, 0.34, 0.35 and 0.35, for EPA, DHA, ALA and total Ω-3, respectively, in this study. These figures were slightly higher than that of the studies that performed unadjusted energy intake, such as a study comparing SQ-FFQ and three-day diet records (3DRs) among Japanese women in the late pregnancies where the correlation coefficients (r) were 0.37, 0.34, 0.32 and 0.32 for EPA, DHA, ALA and total Ω-3, respectively (Kobayashi et al., 2017) , and another study that compared 2DRs and SQ-FFQ among pregnant women in Malaysia (r=0.24 for fat) (Loy et al., 2011) . However, in another study where energy-adjustment was done, the correlation coefficients were r=0.39 for total Ω-3 and r=0.42 for LC-PUFA (Bizjak et al., 2014) were higher than the coefficient found in the present study. As the correlations in this study are comparable with those reported among other groups of pregnant women, the Ω-3 SQ-FFQ that has been developed may be considered valid for use in further studies.
The cross-classification of quintiles is different from correlation as the former is more informative when reporting the capacity of an assessment method to rank persons in relation to their intakes (Zhang et al., 2015) . One study reported that FFQ can be an effective instrument if the result of cross-classification could categorise >70% of respondents into the same or adjacent quintile (Barbieri et al., 2013) . The present study has fulfilled this criterion. Interestingly, the result of the correlation test in this study is similar to that of the cross-classification test in that it could rank fat and all fatty acids >80% into correctly and adjacent quintile, indicating good validity for the methods. This finding is similar with the results of study of 41 pregnant women that found higher agreement based on cross validation (quartiles) from 3DRs and FFQ for ALA, total Ω-3, and LA (Zhang et al., 2015) . Although agreement was found only for the total Ω-6 and LA, for both correlation and cross-classification tests, it suggested good validity for the newly developed SQ-FFQ for total fat and fatty acids.
Some validation studies have used blood biomarkers for dietary evaluation. However, the use of biomarkers may be challenging because of its reliability and sensitivity for pregnant women who tend to have different food patterns (Sartorelli et al., 2012; Zhang et al., 2015) and an increment of maternal plasma volume (Parker et al., 2015) . Therefore, dietary assessment methods (e.g. food recall, SQ-FFQ) may be more reliable since it can reflect the changing of dietary patterns during pregnancy and thus can be used for dietary evaluation. Nevertheless, caution should be exercised when using dietary evaluation since it is based on selected methods and the use of food composition tables as well as calculation when the nutrients of interested are not available. The use of food recall as a reference may be subjective and prone to error because it relies on memory (Gibson, 2005) . Another study reported that food recall reflected the different kinds of memory and was suitable for use in specific populations and among individuals of low literacy level and motivation (Brunst et al., 2016; Gibson, 2005) . Compared to the FFQ which related to generic memory, the food recall relies on episodic memory (Vioque et al., 2016) . In the current study, we used 2DRs, not a minimal of 3DRs as used by many studies, to compare the women's intake with SQ-FFQ for a validation study. Arguably, it may be inadequate to capture the habitual intake of pregnant women. However, Loy et al. (2011) used 2DRs as a comparison and found the SQ-FFQ to be a valid tool to collect and rank individual dietary intake for prospective study. In the current study, the unavailability of existing Indonesian FCTs for Ω-3 fatty acids food source may hinder the accuracy of calculation of Indonesian food and may under-or over-estimate the intake. To control this possible bias, we selected the closest or similar foods in the FCT of other countries to estimate fatty acid content in Indonesian foods. As a result, the same reference food item was used for several different foods (e.g. fish group) although the research team had tried to find the closest genus by fish classification (Schakel et al., 1997) . In addition, to have representative results, this validation study included randomly selected subjects with similar characteristics with respect to age, social-economic, education level, pregnancy history, smoking exposure and nutritional status in The Project of Role of Nutrition, Maternal Factors, and Health Service in Microbiota Composition and Birth Weight in Jakarta.
The newly developed SQ-FFQ can be used to estimate the intakes of Ω-3 LC-PUFA intakes among pregnant women in large urban settings. Since reported intakes of Ω-3 LC-PUFA are only available from Bangladesh and India (Koletzko et al., 2014) , this study provides new information intake in another developing countries, by using a simple, easy and valid tool. Nutritional education of pregnant women can also be improved with the new information on Ω-3 LC-PUFA that this study has generated to help them identify and choose main sources of this important nutrient.
CONCLUSION
The present study has shown that there is agreement between the two dietary methods, SQ-FFQ and 24-h recall, based on Bland Altman approach. The newly developed SQ-FFQ is reasonably valid for assessing the DHA, EPA and AA intake among pregnant women. Absolute validation and reproducibility studies of pregnant women in each trimester using biomarkers are recommended.
